grape cultivars out of 87 planted in a research station in Bangaruu, India. Berry quality, however, was not affected by the malady. In Japan, a similar abnormality occurred in a few vinifera cultivars such as 'Pizzzutello Bianco' and 'Rish Baba' on rare occasions and the berry growth was not inhibited.
This paper reports the time of occurrence of rachis swelling and its anatomical development in 'Muscat of Alexandria' grapes .
Materials and Methods
Three 
Results

Occurrence of rachis swelling
Two types of rachis swelling were found; 1) swelling only at the node and 2) swelling along the rachis (Fig. 1) . Abnormal rachis swelling began three or four weeks after full bloom and continued until about veraison in both types of rachis swelling ( Fig. 2) . Some rachises cracked longitudinally at the position of the node. Rachis diameter in normal bunches, on the other hand, increased gradually until the berries ripened. The rate of occurrence and the type of rachis swelling varied among vines (Table 1 ), but both types caused severe inhibition of berry enlargement, ranging from about 4 to 24% of the clusters. Rachises on the unheated control vine did not swell.
Berry growth and quality
Berry weight and TSS content at harvest were lower on the clusters with a swollen rachis than were those with a normal one. Acid content of berries on swollen and normal rachises were not significanity different (Table 2) .
Anatomy of the swollen rachis
Abnormal cell division started two weeks after anthesis in the middle part of the immature phloem, resulting in the failure of sieve tubes to develop (Fig. 3) . The development of the phloem was completed three weeks after blooming. When the abnormal cell division continued after the completion of the phloem development, abnormally dividing cells were compacted between the phloem and cortex so that the phloem was compressed inwardly. Four weeks after anthesis, a mass of rectangular cells were found among and around the phloem tissue of swollen rachises (Fig. 4-C) . The abnormal cells were parenchymatous and resembled the shape of phloem ray cells. The phloem cells remaining near the cambium were compressed (Fig. 4-D) , whereas those which differentiated earlier seemed to press outwardly against the cortex; they had scattered and were crushed. The vessels in the xylem of swollen rachises appeared normal.
Examination of the cross sections of swollen and normal rachises at veraison revealed that the phloem of the former had fewer cells and larger Fig. 1 . Grape clusters of 'Muscat of Alexandria' with normal (A) and swollen rachises (B, C). In B, the swelling occurs at the peduncular node and berry growth is severely inhibited, whereas in C. the swelling occurs along the rachis.
sieve tubes, compared to those of the latter (Table   3 ). Concurrent to the swelling, berry growth was inhibited. There was no difference in the number We suppose that the berries would continue to grow if the abnormal cell division occurs three or four weeks after anthesis. Nii (1979 Nii ( , 1980a Nii ( , 1980b and Nii and Coombe (1983) have conducted anatomical studies about the de- (Chilton et al., 1982; Draper et al., 1988) . Parasitism of this bacterium on grapevines is well known (Winkler et al., 1974) . Recently, Goodmann et al. (1987 , 1993 reported 
